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Description 

FIELD OF THE INVENTION 
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diameter or may involve a "slip-line" to hold and then to release the dev.ce. 
RArttfiROl INP> OF THE INVENTION 

r0OO31 With the advent of interventional radiology, the treatment or isolation of a variety of maladies in he body's 
S, u pon *C S L excelent longitudinal llexibjllty. which has high radial cornptance lo ^^J* 8 ^ hjman, 
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turbulence and create blood stasis points initiating thrombus formation, the smooth, continuous surface Prided by 
Setllarco^ 

ST ThTnlllCnic properties of an sPEG collagen surface results in a less thrombotic device. Clirn- 

^^.nS^^^-ion regimen to be used. As a result, the rate £ eed.ng 

a major drawback associated with stenting. may be reduced. The absence of gaps ' ^ " £"£££2 

===== 

[0009] The Presence ot invent « smoother flow charac teristics at the blood- 

ESP SihiTS our stent structure provides a good combination of radial strength and flexibility. The structure 

r 0 inTT?e stent-graft can sustain a crushing traumatic blow or compression from the bending of a ,o,nt and st.ll return 
^*£Z^^^^1 mechanism eliminates the need for a «oon -*™he 

= =wEr^= 

inates the need for special long balloons or repositioning of the balloon between inflations .n order to expand the entire 

£ted or otherwise more easily bound to the organic graft material (or to its substrtuente such as PEG) than to the 
surface of a metallic structure. Localized drug delivery is desirable in preventing thrombosis or ^-stenos.s Jherapeu 
S^T*^ may be administered to the target area without systemic concentrations be.ng raised. This ca- 
SL is o oreat benefit in reducing side-effects and complications associated with drug therapy. 
f„n S TlrLnltic ^SentsX be delivered out of the collagen matrix by diffusion. Alternatively, these agents may 

KndCoaXoP^^^ 

surfaces to achieve different therapeutic ends. For example, a drug to minimize thrombus formation m ghl be appro- 
oriate for theSe blood-contacting surface, while a drug which would inhibit smooth muscle ^Proliferation might 
outer surface. 9 Drugs can be chemically or physically bound to either the sPEG or the collagen 



molecules. 
Stents 



rnm 61 The stents currently described in the open literature include a wide variety of different shapes 
mm Wall ste U ent No. 4,655,77! , suggests a vascular prosthesis for transluminal implantation which is 
Z Pup oft Sb.e tubular body having a diameter that is varied by adjusting the ^tSZ^TZ^ 
me body relative to each other. In general, the body appears to be a woven device produced of various plastics 



stainless steel. 
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[0018] U S. Patent No. 4,760,849, to Kroph, shows the use of a ladder-shaped coil spring which additionally may be 

r^p™^ 

may be deployed together so to produce a single axial length by a provision of overlapp.ng areas. Th s concept ,s to 
permil the use of segments of known length, which, when deployed, may be used together ,n overlapping fash,on 

using an angioplasty balloon so to allow ratchet devices or ledges to hold the stent in an open position once .t is 
deployed. 

rno22i The followina patents use wire as the stent material. 
S3 San* ^ 

n a closed zigzag pattern. The stents are compressible to a reduced diameter for insertion .nto and removal from a 

TcZTs TSZ^wL 5,104,404, to Wolf, et a, shows a stent of a zigzag wire configuration very 
S in overalf impression to the Gianturco device. However, the stent is said to be se.f-expand.ng and therefore 
does not need the angioplasty balloon for its expansion. 
2 o SET Sead, U.l. Patent 4,856,516, suggests a stent for reinforcing vessel walls made from a angle e ongated 
Te The stent produced is cylindrical and is made up of a series of rings which are, in turn, hnked together by ha«- 
Wteh junctions produced from the single e.ongated wire. It is not helically wound, nor is there a second l.nk.ng member 

SS? *^££^*mm. 4,886,062. 4,969,458, and 5,133.732. shows wire stent designs using 
25 SslvTziozaq design or in the case of Wiktor "458. a helix which winds back upon itself. Wiktor '062 sugges s use 

a low-memory metal such as'coppe, titanium or gold. These stents are to be implanted 

usina a balloon and expanded radially for plastic deformation of the metal. 

EST Tktor '458 is similarly made of low-memory alloy and is to be plastically deformed upon its expansion on an 

so JSP WiKo! 73°2 teaches the use of a longitudinal wire welded to each turn of the helically <^ M£* 
which is said to prevent the longitudinal expansion of the stent during deployment. A further vanation of the described 
steni " ^a. . h^ok in each turn of the helix which loops over a turn in an adjacent turn. Neither vanation .ncludes a 

formed of stainless steel wire, which is built into an elongated zig-zag pattern, and hel.cally wound about a central a» 
tofoSn a tubular shape interconnected with a filament. The bends of the helix each have small loops or eyes at the. 
aVeTs which are inter-connected with a filament. Because of the teaching to connect the eyes of the apexes the stent 
ajpearst be a design that axia.ly expands during compression and may tear attached grafts because of the relat.ve 
change in position of the arms of the zig-zag during compression of the stent. mpmhprs 
[0030] MacGregor. U.S. Pat. No. 5,015,253, shows a tubular non-woven stent made up of a pa.r of hel.cal members 
Ech appear to be wound using opposite "handedness". The stent helices desirably are jo.ned or secured at the 

5ST 'ptS^ J? pTnos. 5,019,090, 5,092,877, and 5,163,958, suggests a spring stent whicl .appears to 
cVcumferentially and helically wind about as it is finally deployed except, perhaps, at the very end nk of the scent 
The Pinchuk '958 patent further suggests the use of a pyrolytic carbon layer on the surface of the stent to present a 
£rous^ 

any suggestion that the helices be maintained in a specific relationship either as deployed or as kept .n the catheter 

«££ 'usTaTent No. 5.123,917, to Lee, suggests an expandable vascular graft having a flexible cylindrical inner 
Sand a number of "scaffold members" which are expandable, ring-like, and provide dieumton^ rv^flo^ 
graft The scaffold members are deployed by deforming them beyond their plastic l.mrt us.ng, e.g.. an ang.oplasty 

roaST Tower in U S Pat. Nos. 5.161,547 and 5,217,483, shows a stent formed from a zig-zag wire wound around 
a mandrel in a Cylindrical fashion. It is said to be made from "a soft platinum wire which has been fully annealed to 
remove as much Spring memory as possible." A longitudinal wire is welded along the helically wound sect.ons much 
in the same way as was the device of Wiktor. ^ eaa iiq 

M34] There are a variety of disclosures in which super-elastic alloys such as nrt.no! are .used ^See U.S 
Patent Nos. 4,503.569. to Dotter; 4,512.338. to Balko et al.; 4.990,155. to Wilkoff; 5,037.427. to Harada. et al., 
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5 147 370 to MacNamaraet al.; 5,211 ,658, to Clouse; and 5,221 ,261 , toTermin et al. None ol these references suggest 
a'devi'ce having discrete, individual, energy-storing torsional members as are required by this invention. 
[00351 Jervis, in U.S. Pat. Nos. 4,665,906 and 5.067,957, describes the use of shape memory alloys having stress- 
induced martensite properties in medical devices which are implantable or, at least, introduced into the human body. 

5 

Stent-Grafts 

[0036] A variety of stent-graft designs are shown in the following literature. 

[00371 Perhaps the most widely known such device is shown in Ersek, U.S. Pat. No. 3,657,744. Ersek shows a 
10 system for deploying expandable, plastically deformable stents of metal mesh having an attached graft through the 

use of an expansion tool. ..no D ,. Q r,* 

[00381 Palmaz describes a variety of expandable intraluminal vascular grafts in a sequence of patents: U.S. Patent 
Nos 4 733 665- 4 739,762; 4,776,337; and 5,102,417. The Palmaz '665 patent suggests grafts (which also function 
as stents) that are expanded using angioplasty balloons. The grafts are variously a wire mesh tube or of a plurality of 
15 thin bars fixedly secured to each other. The devices are installed, e.g., using an angioplasty balloon and consequently 

are not seen to be self-expanding. 

[0039] The Palmaz 762 and '337 patents appear to suggest the use of thin-walled, biologically inert materials on the 
outer periphery of the earlier-described stents. 

[0040] Finally, the Palmaz '417 patent describes the use of multiple stent sections each flexibly connected to its 

20 [0041 ]° r Rhodes U S Pat. No. 5,122,154, shows an expandable stent-graft made to be expanded using a balloon 
catheter. The stent is a sequence of ring-like members formed of links spaced apart along the graft. The graft is a 
sleeve of a material such as expanded polyfluorocarbon, e.g., GORETEX or IMPRAGRAFT. 
[0042] Schatz U S Pat No. 5,1 95,984, shows an expandable intraluminal stent and graft related in concept to the 

25 Palmaz patents discussed above. Schatz discusses, in addition, the use of flexibly-connecting vascular grafts which 
contain several of the Palmaz stent rings to allow flexibility of the overall structure in following curving body lumea 
[0043] Cragg, "Percutaneous Femoropopliteal Graft Placement", Radiology , vol. 187, no. 3, pp. 643-648 (1993), 
shows a stent-graft of a self-expanding, nitinol, zig-zag, helically wound stent having a section of polytetrafluoroethylene 
tubing sewed to the interior of the stent. 

so [0044] Cragg (European Patent Application 0,556,850) discloses an intraluminal stent made up of a continuous ; he hx 
of zig-zag wire and having loops at each apex of the zig-zags. Those loops on the adjacent apexes are individually 
tied together to form diamond-shaped openings among the wires. The stent may be made of a metal such as nitinol 
(col 3 lines 15-25 and col. 4, lines 42+) and may be associated with a "polytetrafluoroethylene (PTFE), dacron. or 
any other suitable biocompatible material". Those biocompatible materials may be inside the stent (col. 3, lines 52+) 

as or outside the stent (col. 4, lines 6+). There is no suggestion that the zig-zag wire helix be re-aligned to be "in phase 
rather than tied in an apex-to-apex alignment. The alignment of the wire and the way in which it is tied mandates that 
it expand in length as it is expanded from its compressed form. 



Grafts 

40 

[0045] As was noted above, the use of grafts in alleviating a variety of medical conditions is well known. Included in 
such known grafting designs and procedures are the following. 

[0046] Medell U S Patent No. 3,479,670, discloses a tubular prothesis adapted to be placed permanently in the 
human body. It is made of framework or support of a synthetic fiber such as DACRON or TEFLON. The tube is said 
45 to be made more resistant to collapse by fusing a helix of a polypropylene monofilament to its extenor. The reinforced 
fabric tube is then coated with a layer of collagen or gelatin to render the tubing (to be used as an esophageal graft) 
impermeable to bacteria or fluids. 

[0047] Sparks, in U.S. Patent Nos. 3.514,791, 3,625,198, 3.710,777. 3,866,247, and 3,866,609, teach procedures 
for the production of various graft structures using dies of suitable shape and a cloth reinforcing matenal with.n the die. 
so The die and reinforcement are used to grow a graft structure using a patient's own tissues. The die is implanted within 
the human body for a period of time to allow the graft to be produced. The graft is in harvested and .mplanted in another 
site in the patient's body by a second surgical procedure. 

[0048] Braun in U S Patent No. 3,562,820, shows a biological prosthesis manufactured by applying onto a support 
of a biological tissue (such as serosa taken from cattle intestine) a collagen fiber paste. The procedure is repeated 
55 using multiple layers of biological tissue and collagen fiber paste until a multi-layer structure of the desired wall thick- 
nesses is produced. The prosthesis is then dried and removed prior to use. 

[0049] Dardik et al, U.S. Patent No. 3,974,526, shows a procedure for producing tubular prostheses for use in vas- 
cular reconstructive surgeries. The prosthesis is made from the umbilical cord of a newly born infant. It is washed with 
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a solution of 1 percent hydrogen peroxide and rinsed with Ringer's lactate solution. It is then immersed in a hyaluro- 
nidase solution to dissolve the hyaluronic acid coating found in the umbilical cord. The vessels are then separated 
from the cord and their natural interior valving removed by use of a tapered mandrel. The vessels are then tanned with 
qlutaraldehyde. A polyester mesh support is applied to the graft for added support and strength. 

5 [00501 Whalen U S. Patent No. 4,1 30,904, shows a prosthetic blood conduit having two concentrically associated 
tubes with a helical spring between them. Curved sections in the tube walls help prevent kinking of the tube. 
[0051 1 Ketharanathan, U.S. Patent No. 4,31 9,363, shows a procedure for producing a vascular prosthesis suitable 
for use as a surgical graft. The prosthesis is produced by implanting a rod or tube in a living host and allowing colla- 
genous tissue to grow on the rod or tube in the form of coherent tubular wall. The collagenous implant is removed from 

10 the rod or tube and tanned in glutaraldehyde. The prosthesis is then ready for use. 

[0052] Bell U S Patent No. 4,546,500, teaches a method for making a vessel prosthesis by incorporating a con- 
tractile agent such as smooth muscle cells or platelets into a collagen lattice and contracting the lattice around a inner 
core After the structure has set, additional layers are applied in a similar fashion. A plastic mesh sleeve is desirably 
sandwiched between the layers or imbedded within the structure to provide some measure of elasticity. 

15 [00531 Hoffman Jr. et al, U.S. Patent No. 4,842,575, shows a collagen impregnated synthetic vascular graft. It is 
made of a synthetic graft substrate and a cross-linked collagen fibril. It is formed by depositing a aqueous slurry of 
collagen fibrils into the lumen of the graft and massaging the slurry into the pore structure of the substrate to assure 
intimate admixture in the interior. Repeated applications and massaging and drying is said further to reduce the porosity 

20 ^ooSl^Atonoso, U.S. Patent No. 5,037.377, is similar in overall content to the Hoffman Jr. et al patent discussed 
above except that, in addition to collagen fibers, soluble collagen is introduced into the fabric. A suitable cross-hnkmg 
aqent such as glutaraldehyde is used to bond adjacent collagen fibers to each other. 

[0055] Slepian et al, U.S. Patent No. 5,213,580, teaches a process described as "paving" or "stabilizing by sealing 
the interior surface of a body vessel or organ" by applying a biodegradable polymer such as a polycaprolactone. The 

25 polymer is made into a tubular substrate, placed in position, and patched into place. 

[0056] Finally, there are known vascular grafts using collagenous tissue with reinforcing structure. For instance, 
Pinchuk in U S Patent Nos. 4,629,458 and 4,798,606, suggests the use of collagen with some other type of fibrous 
structure supporting the collagen as a biograft. Similarly, Sinofsky et al., U.S. Pat. No. 5,100,429, suggests a partially- 
cured collagen-based material used to form a graft within a blood vessel. 

30 r00571 Kreamer, U.S. Pat. No. 4,740,207, suggests a intraluminal graft made of a semi-rigid resilient tube, open 
along a seam extending from one end to the other, which is expanded within the vessel and which resulting larger 
diameter is maintained by use of a ledge at the longitudinal seam for catching the opposite side of the seam on the 

m058] de We have found that elasticity, or the ability of a material to return to its original shape after a deformation, can 
35 be maintained in smaller stents by the distribution of folding deformation throughout the structure. By incorporating 
hinqes or hinge regions into the structure, the distribution of "localized" folding deformation is maxim.zed^The hinge 
regions include torsion members allowing a significant portion of the folding displacement to be re-oriented paralle to 
the longitudinal axis of the stent-graft. The act of folding, crushing, or otherwise elastically deforming the stent creates 
a significant torsional component in the torsion members which component is parallel to that longitudinal axis. The 
40 hinges are positioned at least at each of the fold points around the circumference of the stent where folding is desired. 
The circumf erentially oriented regions of the stents, which connect the torsion members, pivot about the torsion mem- 
bers causing'the torsion members to undergo a twisting deformation. In order to avoid exceeding the elastic limit of 
the material the length of the torsion members is increased to lower the amount of twist per length or strain .mposed. 
The orientation of the torsion members is such that their length does not increase the circumference of the device. 
45 None of the cited references suggest such a device. 



SUMMARY OF THE INVENTION 

[0059] This invention is a foldable stent or stent-graft as specified in Claim 1 which stent of stent/graft may be per- 
so cutaneously delivered through or over a catheter or using surgical techniques or other appropriate methodologies. The 
expandable stent structure utilizes torsional regions which allow it to be folded to a very small diameter prior to deploy- 
ment without significant deformation. The torsional members may have an undulating shape which may be helically 
deployed to form the stent's cylindrical shape. The torsional members may also be found in one or more rings spaced 
axially along the stent. It may be helically deployed to form the generally cylindrical shape eventually deployed as the 
55 stent or it may be formed of one or more rings. The undulating shape may be aligned to allow the shapes in adjacent 
turns of the helix to be in phase. The undulating shapes may be generally V-shaped. U-shaped, sinusoidal, or ovoid. 
Adjacent undulating shapes may be held in the phased relationship using a flexible linkage, often made of a polymeric 
material The undulating torsional members typically will not have any means at (or near) the apex of the undulating 
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SrSrraftcomponent may also be a polymeric material which may be attached variously to the filament used 

the inner lumen and outer surface through the stent structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0063] 

Figures 1A, 1B, 1C. ID. and 1E are plan views of an unrolled stent form making up the helical variation of the 
invention. 

Fiqure 2 is a side view of the inventive helical stent. 

Fiaure 3 is a close-up of a portion of the inventive helical stent shown in Figure 2. 
Fi uLisanabLctedpolnofaninv 

Figure 5 is a side view of the inventive helical stent showing a variation having flared ends. 

Figures 6, 7, and 8 show plan views of an unrolled helical stent produced from flat stock 

Fiaure 9 shows a quarter view of the rolled stent using the flat stock pattern shown in Figure .7. 

Figure lO s^ws a device for winding and heat treating a stent made according to the nrertbon. 

Figures M1 «TlJ are close-ups of a portion of the inventive stent-graft showing multiple d.stnbuted attachment 

points between the stent and the graft. 

Figure 13 shows a front quarter view of a stent graft of the type shown in Figures 11 and 12 

Figure 1 4 is a plan view of an unrolled stent form making up the ring variation , of the ,nmim stent. 

Fiaure 15 is a quarter view of a generic ring variation of the stent making up the invention 

Figure \ 6 is an'enc f view and shows the placement of the inventive ring stent the bending of certain portions after 

placement. . , c 

Finure 17 is a cutaway close-up of the inventive ring stent shown in Figure lb. 

Figured 
of the stent. 

Figure 1 9 shows a plan view of an unrolled stent produced from wire. inupntinn 
Figure 20 shows a plan view of an unrolled isolated ring making up a stent accord.ng to the mvention. 
Fiaure 21 shows a quarter view of the rolled isolated ring of Figure 20. „^ inn tn tho 

Figure 22 shows a plan view of multiple unro.led isolated rings suitable for making up a stent according to the 

Ses^ 24, and 25 show plan views of variations of unrolled ring stents made according to the invention. 

Fiaures 26 and 27 show end view cutaways of stent-grafts made according to the invention 

Fig e 28 shows the placement of a continuous graft on a stent graft covering the entrance to a s.de branch. 

Fiaures 29 30 31 and 32 show side-views of stent-grafts with non-continuous graft surfaces. 

Figures 33A 33C, and 33E show procedures for folding the stent-grafts made according to the invention. F.gures 

33B, 33D, and 33F show the corresponding folded stent-grafts. 
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Figures 34A-34C show a schematic procedure for deploying the inventive stent-grafts using an external sleeve. 
Figures 35A and 36A show front quarter views of folded stents or stent-grafts held in that folded position by a tether 
wire. Figures 35B, 35C, 36B, and 36C show end views of the folded stent and of the open stent shown respectively 

in Figures 35A and 36A. , . _ OCA 

Figures 37A-37C show a schematic procedure for deploying the inventive stent-grafts (as shown in F.gures 35A- 

35C and 36A-36C) using a tether wire. 

Figure 38 shows a close-up view of a stent fold line using a preferred sack knot in the slip line. 

Figures 39 and 40 show front quarter views of folded stents or stent-grafts held in that folded position by a tether 

wire using a sack knot. 

DESCRIPTION OF THE INVENTION 

[0064] As was noted above, this invention is variously, an expandable stent, a stent-graft and a fiber reinforced 
stent-qraft The stent-graft may be a combination of the following: a thin-walled tube (or graft) generally coaxial with 
the stent and the expandable stent structure. The tubular graft may comprise a porous polymeric tube, e.g of an 
expanded PTFE, having a collagenous material embedded in te pores of the tube. The graft material may opt.onally 
contain fibrous reinforcement material. The stent and the optional reinforcing fibers may be imbedded in the waH of 
the thin-walled tube. The expandable stent structure is a generally cylindrical body produced either of a helically placed 
(wound or otherwise preformed) torsion member having an undulating or serpentine shape or a series of ax.a y spaced 
rings comprising those torsion members. When the undulating torsion member is formed into ^the cylinder he undu- 
lations may be aligned so that they are "in phase" with each other. The undulations are des.r ably ^-^f^ 
a flexible linkage of a suitable metallic or polymeric material, to maintain the phased re at.onsh.p of the undulations 
during compression and deployment and during bending of the stent. These stent configurations are exceptionally 
kink-resistant and flexible, particularly when flexed along the longitudinal axis of the stent. 

[0065] When the stent is used in a reinforced stent-graft, that is to say: the stent is included I into a th.n-wallefl tube 
having reinforcing fibers, the fibers may be formed into a network, such as a tubular mesh. The stent-graft may be 
delivered percutaneously through the vasculature after having been folded to a reduced diameter. Once reaching the 
intended delivery site, it is expanded to form a lining on the vessel wall. 

[0066] Central to one variation of the invention is the distributed attachment of the stent component to the graft 
component via, e.g., the bonding of the graft to the filament which may used to maintain the stent in its tubular shape 
or via bonding to other loops, eyelets, or fasteners associated with or adhering to the stent component to allow the 
stent to move locally with respect to the graft and maintain the open structure of the graft lumen. 
[0067] A further variation of the inventive includes stent-grafts which are have open areas to allow access between 
the inner lumen and outer surface through the stent structure. 

Stent Component 

[0068] The materials typically used for vascular grafts, e.g., synthetic polymers or fabrics or collagen, usually do not 
have he stiffness or strength alone both to stay open against the radial inward loads found ln 7^ ™^ 
prevent their slippage from the chosen deployment site. In order to provide the strength required a rad«H pd s tent 
structure may be incorporated into the stent-graft. Our stent is constructed of a reasonably h.gh strength material, i.e., 
one which is resistant to plastic deformation when stressed. The structure is typically from one of three sources: 

1 . ) a wire form in which a wire is first formed into an undulating shape and the resulting undulating shape is helically 
wound to form a cylinder, 

2. ) an appropriate shape is formed from a flat stock and wound into a cylinder, and 

3. ) a length of tubing is formed into an appropriate shape. 

These stent structures are typically oriented coaxially with the tubular graft component. The st ent s,ructures ^ be 
placed on the outer surface or the inner surface of the tubular member although the stent may be imbedded in the graft 
tubing wall for ease of integration with the tubing and to prevent the stent's exposure to bodily fluids, such as blood. I 
is desired that the stent structure have the strength and flexibility to tack the graft tubing firmly and conformally aga.nst 
the vessel wall. In order to minimize the wall thickness of the stent-graft, the stent material should have a h.gh strength- 
to-volume ratio. The designs do not suffer from a tendency to twist (or helically unwind) or to shorten as the stent .s 
deployed. As will be discussed below, materials suitable in these stents and meeting these cntena mclude various 
metals and some polymers. 
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f00691 A stent or stent-graft, whether delivered percutaneously or via a body orifice must expand from the reduced 
SSL necessary for delivery to a larger deployed diameter. The diameters of these devices obviousiy vary the 
s ze o the body lumen into which they are placed. For instance, the stents of this ,nyent,on may range* s* from 
2 0 mm in diameter (for vascular neurological applications) to 30mm in diameter (for placement m the aorta). A range 
of aZi 2 0mm to 6 5mm (perhaps to 10.0mm) is believed to be desirable. Typically, expans.on ratios of 2:1 or more 
t^e^TJle capable of expansion ratios of up to 5:1 for larger diameter stent, Typical expans,o 
ratios for use with the stents and stent-grafts of the invention typically are in the range of about 21 to about 4. 1 although 
he invenSnTs not so limited. Tne thickness of the stent materials obviously varies with the size (or 
stent Ind Se ultimate required yield strength of the folded stent. These values are further dependent upon the selected 
materials of construction Wire used in these variations are typically of stronger ailoys, e.g., n.tino. anj ^stronger spring 
sta nless steels and have diameters of about 0.05 - 0.127 mm (0.002 inches to 0.005 mches). For the larger stents, 
£^£^<mZ for the stent wire may be somewhat larger, e.g., 0.127 - 0.508 mm (0.005 to 0.020 inches ) 
fSSe* stents, thicknesses of about 0,05 - 0,1 27 mm (0.002 inches to 0.005 .nches -s usual iy i off *,ent 
For the larger stents, the appropriate thickness for the stent flat stock may be somewhat th.cker, e.g., 0,1 27 - 0,508 

SJiTS? Wa^sfabricated in the expanded configuration. In order to reduce its diameter for delivery the 
Sent ral wo be folded along its length, similar to the way in which a PCTA balloon would be folded It ,s des^b.e 
when using super-elastic alloys which are also have temperature-memory characterises, to reduce ametero 
the stent at a temperature below the transition-temperature of the alloys. Often the phase of the alloy at the lower 
temperlTe is somewhat more workable and easily formed. For instance, at nitinol martensrtic ^P e «;*^ 
material provides minimal resistance to folding and tends to maintain the folded configuration. ^ temperate of 
deployment is desirably above the transition temperature to allow use of the super-elastic propert.es o f to e aHoy 
[0071] Thus, a preferred method for folding the stent-graft (when super-elastic alloys are used) ^""""""P* 
King the stent-graft to the martensitic temperature of the alloy, folding the stent-graft to the des, ed reduced d, 
letrSu atlo and constraining the stent-graft in that folded configuration. The device .s then allowed to warm 
rra«lperature of the alloy (e.g., when the austenitic temperature 

above This warming can be done, for example, before or after it is packaged. In use, the folded stent-graft is de hvered 
M^IZ!^ the constraint removed so that it can return to its original configuration to serve its intended 

El 6 Alternatively, heat from the body or another source coupled to the alloy material can be used to trigger the 
shape memory of the material. In that case, the alloy is selected to have an austenitic temperature above room tem- 
SSTKom the body or another source is used to heat the alloy material to its austenrtic temperature as he 
ZceTs delivered to the selected site so that upon release of the constraint, the device returns to ,ts orig.nal conf ,g- 
uration. 

Helical stents 

roo731 As a aeneric explanation of the mechanical theory of the helical variation of the inventive stent, reference is 
Ed ^ures 1A 1B 1C I D 1E 2, 3, and 4. Figure 1 A is a plan view of an isolated section of the invenfve stent 
SeanS 

tonSon member (100). Figure 1 A shows, in plan view, an undulating torsion member (100) formed from a wire 
SSTuSSa torsion air (102) is made up of an end member (104) and two ^^^2 
Mythen, each torsion length (1 06) will be a component to each of its adjacerittorsK ) npa.«(102VTtoU^«ped 
Spair(102)may be characterized by the fact that the adjacent torsion lengths are generally parallel to each other 

ESS? fc SX££!E t- stents of this invention use ungating torsion members which are "open" or 'un- 
onfined" at their apex or end member (1 04). By "open" or "unconfined" we mean ha he apex or end member (1M) 
does not have any means in that apex which would tend to inhibit the movement of the flexible linkage (discussed 
below) down between the arms or torsion lengths (1 06) of the torsion pair (1 1 02). 

[0075 Figure 1B shows another variation of the invention having a sinusoidal shaped torsion member (108^ In h.s 
Sn,theadiacenttorsionlengths(110)arenotpara.lel and the wire forms an approbate sme shape before be.ng 

S ^ICsLs a variation of the invention having an ovoid shaped torsion member (112). in this variation 
She adjacent torsion lengths (114) are again not parallel. The wire forms an approximate open-ended ova. with each 
torsion pair (116) before being formed into a cylinder. .„ , h ic wariatinn 

00771 Figure D shows another variation of the invention having a V-shaped torsion member (11 8). In this va^tion 
Saceni torsion lengths (120) form a relatively sharp angle at the torsion end (122) shape before be.ng formed 
into a cylinder. 



9 



EP 0 997 115 B1 



[0078] Figure 1E shows a variation of the invention in which adjacent torsion members on th , stent 017) have 
differing amplitude The peaks of the high amplitude torsion members (119) may be l.ned up out of phase , or peak 
SSS wThZt amplitude (121) or Sigh amplitude torsion members in the adjacent turn of the hehx or may be 
positioned "in phase" similar to those discussed with regard to Figure 2 below. 

Enq The configurations shown in Figs 1A-1E are exceptionally kink-resistant and flex.ble when flexed along the 

IS'' T£SSS^ a section of the torsion member found on one of Figures 1A - 10 would be heiicaHy 
Eab^utS 

me end members of the torsion member on an adjacent turn of the helix. Th.s is said to be in phase . Out of phase 
1 Jd be the inTnce in which the adjacent members meet directly, i.e., end member-to-end member. In any event 
^soa^ 

?0 n 0 e 8 7 R^'sh^'iJe view of a typical stent 999 made according to this invention including the phased 
e ationsh the heS turns of the stent and the f.exib.e linkage (124). Figure 3 shows a ctose-up 
Sn and depicts the phased relationship (within box A) and shows in detail a typ.cal way in which the flexile linkage 
S pooped trough the various end members (104) to maintain the phased relationship It may be noted that the 
lexSe nkage 124) is free to move away from the apex at the end members (104) without constraint 
00821 Th^stent jmy be folded in some fashion (as will be discussed below) for deployment. During he step o 
X th stent Indexes a transformation. Figure 4 shows an isolated torsion pair (102). When the torsion paj 
loTundergoes a flexing in the amount of a", the end member will flex some amount p° }«™^^ 
undertake a twist of Y° and torsion length (132) will undertake a twist opposite of that found in torsion length (130) in 
me amount o7? The amounts of angular torsion found in the torsion lengths (130 and 132) will ™t necessary be 
^ual because the to'sion lengths are not necessarily at the same angle to the longitudinal axis of the stent. New 
SSTEIlnSS!?** will equal a". When a value of a° is chosen, as by selection of the shape and size of he 
K^tSg £ vaiues of me' other three angles ( F.fV) are chosen by virtue of selection "™ b -« 
dSs around the stent size and physical characteristics of the wire, and length of the torsion lengths (1 30 and 132)^ 
Each oHhe noted ang,es must notbe so large as to exceed the values at which the chosen matenal of construct-on 

^^*J^£X£f±»" -erstood that the torsion pair (102) undergoes a significant of 
2 as the sTent is folded or compressed in some fashion. The flexing provides a twist to the torsion lengths 030 
and 132) I X 3^ portion of which is generally parallel to the longitudinal axis of the stent. It is th.s s.gnificant 
imposed 'longitudinal torsion which forms an important concept of the inventive stent. 

moa4l As noted elsewhere in one very desirable variation of the inventive stent, as deployed in F gures 2 and 3, 
Snt te folde loStudSly and is delivered through the lumen of the catheter in such a way that it ,s self-restonng 
onceThasbeeS 

stent SI balloon or expander or other shape-restoring tool if so desired, but the design of the stent is 
moant tn pinnate the need for (or at least to minimize the need for) such expanding tools. 
3"S! Xinary background in place, it should be apparent that a simple tube of ^eta w,l undergo 
olastfc deformation when sufficient force is applied radially to the outside of the tube. The amount of force needed to 
^SS^atoan-ion will depend on a wide variety of factors, e.g., the type of metal utilized „ ^ the 
width of the tube, the circumference of the tube, the thickness of the matenal making up the band, eta The act o 
rttelting to fold a tube along its centered axis in such a way to allow it to pass through a lumen having m .same c* 

1^1°' TTe inventive helical stent uses concepts which can be thought of as widely distributing and storing the force 
rTessarvtoS 

S^^SS^c formation of the constituent meta, or plastic and ye, allowing those distributed 

^^^J^ISS^L fCding or compression stresses both into a bending component (as 
2d by an I £ n Rgie 4) and to twig components (as typified b^ 

of a desired stent, determination of the optimum materials as well as the sizes o the various in egra. 
components making up the stent becomes straightforward. Specifical.y, the diameter ^ 
and 132) and end sector (104), the number of torsion pairs (102) around the stent may then be determined 
Soli Figure 5 shows in side view, a variation of the inventive stent (140) made from wire having flares ( 42) at 
one ! bom ends The fl .ring provides a secure anchoring of the stent (1 40) or stent-graft against the ^ vessel wa L Th* 
^rteteT^lant from migrating downstream. In addition, the flaring provides a tight seal against the vessel s Mhat 
me bloid cZne led through the lumen rather man outside the graft. The undulating structure may vary in spacing 
to a w he x u s to maintain its phased relationship between turns of the he.ix and to conform to the discussion 
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iustaboveAflexiblelinkagebetweenthecontiguous helical turns may ^ b ^^ aU ^ a ^ZT^T^ e 
ST^MMI stent structure may also be made by forming a desired structural pattern out -"WJ-JJ- 
Lh 00 i ma » tLn be rolled to form a tube Figures 6, 7, and 8 show plan views of tors»on members (respectively 200, 
202 J^^C^ ^ -bS* an axis (206) to form a cylinder. As is shown in Figure 9, the end caps 

IToWhe stent shown in Figure 9 may be machined from tubing. If the chosen material in nitinol, careful control of 
SS^^ini^ step may be had by EDM (e.ectro-discharge-machining), laser cuttmg, chemica. 

?r a ELSro^ D atinum/tungsten alloys, and especially the nickel-titanium alloys generally known as n.t.nol 
mn^^SZS!^ because of its "super-elastic" or "pseudo-elastic" shape recovery rpropM • 
e the abH W to withstand a sfcnificant amount of bending and flexing and yet return to its original orm without ^efor- 

length o( th, lesion member components in the stent sltuctot.l component. The shocBc the p«* ot the dance, the 

the resulting stent in a useful shape. For use in stents of the sizes mentioned elsewhere, we ^ve found that nrt.no! 
device^ may be heal treated for five minutes or less at temperatures of 500°C without s,gn.f.cant lessen.n ol _tte 
SS a r P ropeSs. Said another way. heating super-elastic alloys must carried out wrth some care so as not to 

ST nelix (1 24 in Figs. 2 and 3) may be of any app.priate 
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^KrS?iS2?^ graft covenant (134), and ,oops (150) wi„ be discussed in 
The slen. support structure may aiso be made by forming a desired -^^^'22^ M 

compTnent (1 66) is shown on the inner surface of the stent. Loops may be used as was desenbed above. The graft 
may be attached to the loops or filament in the manner discussed above. 

Ring-based stents 

F01021 For a general explanation of the mechanical theory of the ring-based variation of the inventive st ent ref erence 

178) is shown in the Figure 15. Figure 16 shows an end view of the deployed dev.ee. In Figure 16, the , waH I of the body 
vesse (310^ shown with the end view of cap members (306). As is more clearly shown in Figure 17, he end of the 

SS3££=53ESS33£ 

SSI 8 ^h" Z o, the concept of the r^- stent devfce is Figure 1 8. Figure 18 shows an 

-mbers (306) and assumes that the two cap members £06) shown ,n F.gure 18 each 
define a plane as they are flexed and the two planes so defined are parallel to each other. 
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[0105] Thi3desirab.eva ri a«ono«meinventivestent,asdep.oyed 

S riant to eliminate the need for (or, at .east to ^^^^Z^Z^^^ o« the 
[0106] This variation of the inventive stent uses jthe t ~m ^^X^L^er smal.er than its re.axed 
force necessary to fold the tubular stent into a configu rat on ^ich wm i ™9 ibuted jnt0 ^ 

outside diameter without inducing plasfc deformation of ^^^^{^^t^oru^ 
components: a bending component in cap member (306) -- especially in center sector W n 

component in torsion members (308). „ nmnr o Q « in n stresses both into a bending component (as 

[0107] Once the concept of distributing the folding or ^^^^O^Sam 18), and determining the 
Ued by angle a in Figure 17) and to a ^^^J^^mSZm o the various integral 
overall size of a desired stent, determ.nat.on of the op *J?^ , ^™ y " , leng th, width, and thickness of 

SeTdo no, exceed the plastic deformation value of the selected stent material. 
[0i 9 08] -materia^™ 

Ke^r::^ 

of the stent. Torsion members (31 8) and end caps 320) ^^^ff J^S^ of about 

vanatlonsaretypicallyo^ 

0,05 - 0,727 mm (0.002 .nches to 0.005 ^>^ ( ^S%J! ring portions (322) may be joined by tie 
I^S^TS'^^S^ weSrthe end caps (320) by, e.g., welding. It should be apparent that 

[0111] Figure 20 shows a plan view of a ring section (304) o< ° ne ~ n sectjon wnicn may be rolled 

sheet, in this instance the end caps (306) and torsion ^m^rs (30 chQsen for the stent snow n 
and welded into an isolated ring (326) such as shown in Figure 2V Because the mater a 

in Figures 20 and 21 ^SS^XSSi ^ (326) of the type 

be so long as the length (330) of the end caps (306). Rgure 22 : snows a end-to-end. 
shown in Figures20and21astheywouldbe positioned ^^^^^^^1^^^^ 
[0112] Figure 23 shows a variation of the stent aving a nng J^SS^iSS the inside of a torsion 
Figures 20, 21 , and 22 but joined by *' e ™^ , ie members (334) experience no 

so desired, to a.low the tie members to accept so rm » «^JJ^J whjch the number of lorsion members 996 

those prior Figures. Adding more torsion bars ^J^^^S^ than those earlier variations, 
the same material.the stent may need be folded to a sma '^ r °' amet ® r 10 £ f bound by a | ong tor sion member 
[01 14] Figure 25 shows a variation of the invention in which the end ^ ^^, e J x torsion set 

askew and out of the ring plane. ct Pn t-arafts of this invention do not longitudinally 

[0115] Although it has been made quite clear that the s *«"^ f " taoSos fo ovIrTapSfe rings -- a single circumference 



to intermesh without contact 
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Tubular Graft Component 

[01 16] The tubular graft component or member of the stent-graft may be made . up of any 
when collagen is used alone. ■u^i.nc p flt Kin »?162 430 to Rhee et al, or as de- 

wBsm 
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to remove the immunogenic telopepf.de regions ("atelopeptide collagen"), are soluble, and may be in the fibrillar or 
non-fibrillar form. Type I collagen is best suited to most applications involving bone or cartilage repair. However, other 
forms of collagen are also useful in the practice of the invention, and are not excluded from consideration here. Collagen 
crosslinked using heat, radiation, or chemical agents such as glutaraldehyde may be conjugated with polymers as 
described herein to form particularly rigid compositions. Collagen crosslinked using glutaraldehyde or other (nonpoly- 
mer) linking agents is referred to herein as "GAX", while collagen cross-linked using heat and/or radiation is termed 
"HRX." Collagen used in connection with the preferred embodiments of the invention is in a pharmaceutical^ pure 
form such that it can be incorporated into a body, human or otherwise, for the intended purpose. 
[0124] The term "synthetic hydrophilic polymer" as used herein refers to a synthetic polymer having an average 
molecular weight and composition which renders the polymer essentially water-soluble. Preferred polymers are highly 
pure or are purified to a highly pure state such that the polymer is, or is treated to become, pharmaceutical^ pure. 
Most hydrophilic polymers can be rendered water-soluble by incorporating a sufficient number of oxygen (or, less 
frequently, nitrogen) atoms available for forming hydrogen bonds in aqueous solutions. Preferred polymers are hy- 
drophilic but not soluble. Preferred hydrophilic polymers used herein include polyethylene glycol, polyoxyethylene. 
polymethylene glycol, polytrimethylene glycols, polyvinylpyrrolidones, and derivatives thereof. The polymers can be 
linear or multiply branched and will not be substantially crosslinked. Other suitable polymers include polyoxyethylene- 
polyoxypropylene block polymers and copolymers. Polyoxyethylene-polyoxypropylene block polymers having an eth- 
ylene diamine nucleus (and thus having four ends) are also available and may be used in the practice of the invention. 
Naturally occurring and/or biologically active polymers such as proteins, starch, cellulose, heparin, and the like are not 
generally desirable in this definition although they may be used. All suitable polymers will be non-toxic, non-inflamma- 
tory and non-immunogenic when used to form the desired composition, and will preferably be essentially non-degra- 
dable in vivo over a period of at least several months. The hydrophilic polymer may increase the hydrophilicity of the 
collagen but does not render it water-soluble. Presently preferred hydrophilic polymers are mono-, di-, and multi- 
functional polyethylene glycols (PEG). Monofunctional PEG has only one reactive hydroxy group, while difunctional 
PEG has reactive groups at each end. Monofunctional PEG preferably has a weight average molecular weight between 
about 100 and about 15,000, more preferably between about 200 and about 8,000, and most preferably about 4,000. 
Difunctional PEG preferably has a molecular weight of about 400 to about 40,000, more preferably about 3,000 to 
about 10 000. Multi-functional PEG preferably has a molecular weight between about 3,000 and 100,000. 
[0125] PEG can be rendered monofunctional by forming an alkylene ether at one end. The alkylene ether may be 
any suitable alkoxy radical having 1-6 carbon atoms, for example, methoxy, ethoxy, propoxy, 2-propoxy, butoxy, hex- 
yloxy and the like. Methoxy is presently preferred. Difunctional PEG is provided by allowing a reactive hydroxy group 
at each end of the linear molecule. The reactive groups are preferably at the ends of the polymer, but may be provided 
along the length thereof. . 
[0126] The term "chemically conjugated" as used herein means attached through a covalent chemical bond. In the 
practice of the invention, a synthetic hydrophilic polymer and collagen may be chemically conjugated by using a linking 
radical so that the polymer and collagen are each bound to the radical, but not directly to each other. The term "collagen- 
polymer" refers to collagen chemically conjugated to a synthetic hydrophilic polymer, within the meaning of this inven- 
tion Thus "collagen-PEG" (or "PEG-collagen) denotes a composition within the most preferred aspect of the invention 
wherein collagen is chemically conjugated to PEG. "Collagen-dPEG" refers to collagen chemically conjugated to di- 
functional PEG, wherein the collagen molecules are typically crosslinked. "Crosslinked collagen" refers to collagen in 
which collagen molecules are linked by covalent bonds with polyfunctions (including difunctional) polymers. Terms 
such as "GAX-dPEG" and "HRX-dPEG" indicate collagen crosslinked by both a difunctional hydrophilic polymer and 
a crosslinking agent such as glutaraldehyde or heat. The polymer may be "chemically conjugated" to the collagen by 
means of a number of different types of chemical linkages. For example, the conjugation can be via an ester or urethane 
linkage, but is more preferably by means of an ether linkage. An ether linkage is preferred in that it can be formed 
without the use of toxic chemicals and is not readily susceptible to hydrolysis in vjvo. 

[0127] Those of ordinary skill in the art will appreciate that synthetic polymers such as polyethylene glycol cannot 
be prepared practically to have exact molecular weights, and that the term "molecular weight" as used herein refers 
to the weight average molecular weight of a number of molecules in any given sample, as commonly used in the art. 
Thus, a sample of PEG 2,000 might contain a statistical mixture of polymer molecules ranging in weight from, for 
example 1 500 to 2,500 daltons with one molecule differing slightly from the next over a range. Specification of a range 
of molecular weight indicates that the average molecular weight may be any value between the limits specified, and 
may include molecules outside those limits. Thus, a molecular weight range of about 800 to about 20,000 indicates an 
average molecular weight of at least about 800, ranging up to about 20 kDa. 

[0128] The term "available lysine residue" as used herein refers to lysine side chains exposed on the outer surface 
of collagen molecules, which are positioned in a manner to allow reaction with activated PEG. The number of available 
lysine residues may be determined by reaction with sodium 2,4,62,4,6-trinitrobenzenesulfonate (TNBS). 
[0129] The term "growth factor" is used to describe biologically active molecules and active peptides (which may be 
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naturally occurring or synthetic) which aid in healing or regrowth of normal tissue. The function of growth factors is 
two-fold: 1 ) they can incite local cells to produce new collagen or tissue, or 2) they can attract cells to the site .n need 
of correction. As such, growth factors may serve to encourage "biological anchoring" of the collagen graft implant within 
the host tissue. As previously described, the growth factors may either be admixed with the collagen-polymer conjugate 
or chemically coupled to the conjugate. For example, one may incorporate growth factors such as epidermal growth 
factor (EGF), transforming growth factor (TGF) alpha, TGF p (including any combination of TGF p s), TGF pi , TBFpg 
platelet derived growth factor (PDGF-AA, PDGF-AB, PDGF-BB), acidic fibroblast growth factor (FGF), basic FGF, 
connective tissue activating peptides (CTAP), p-thromboglobulin, insulin-like growth factors, erythropoietin (EPO) 
nerve growth factor (NGF), bone morphogenic protein (BMP), osteogenic factors, and the like. Incorporation of growth 
factors can facilitate regrowth when the tubes are used in the treatment of defective or damaged channels. Furthermore 
one may chemically link the growth factors to the collagen-polymer composition by employing a suitable amount of 
multi-functional polymer molecules during synthesis. The growth factors may then be attached to the free polymer 
ends by the same method used to attach PEG to collagen, or by any other suitable method. By tethenng growth factors 
to the outer and/or inner surface of the graft material, the amount of grafts needed to carry out effective treatment is 
substantially reduced. Tubes which incorporate growth factors may provide effective controlled-release drug delivery 
By varying the chemical linkage between the collagen and the synthetic polymer, it is possible to vary the effect with 
respect to the release of the biologic. For example, when an "ester" linkage is used, the linkage is more easily broken 
under physiological conditions, allowing for sustained release of the growth factor from the matrix. However, when an 
"ether" linkage is used, the bonds are not easily broken and the growth factor will remain in place for longer periods 
of time with its active sites exposed providing a biological effect on the natural substrate for the active site of the protein 
It is possible to include a mixture of conjugates with different linkages so as to obtain variations in the effect with respect 
to the release of the biologic, e.g., the sustained release effect can be modified to obtain the desired rate of release. 
[01301 The terms "effective amount" or "amount effective to treat" refer to the amount of composition required in 
order to obtain the effect desired. Thus, a "tissue growth-promoting amount" of a composition containing a growth 
factor refers to the amount of growth factor needed in order to stimulate tissue growth to a detectable degree. Tissue, 
in this context, includes connective tissue, bone, cartilage, epidermis and dermis, blood, and other tissues with particular 
emphasis on tissues which form channels such as veins, arteries, intestines and the like. The actual amount which is 
determined to be an effective amount will vary depending on factors such as the size, condition, sex, and age of the 
patient, the type of tissue or channel, the effect desired and type of growth factor, and can be more readily determined 
bv the carecjiver 

[0131] The term "sufficient amount" as used herein is applied to the amount of carrier used in combination with the 
collagen-polymer conjugates used in forming the tubes of the invention. A sufficient amount is that amount wh.ch when 
mixed with the conjugate, renders it in the physical form desired, for example, extrudable tubes, extrudable cylinders 
having any desired cross-section, and so forth. Extrudable formulations may include an amount of a earner suffioen 
to render the composition smoothly extrudable without significant need to interrupt the extrusion process. The amount 
of the carrier can be varied and adjusted depending on the size and shape and thickness of the wall of the tube being 
extruded Such adjustments will be apparent to those skilled in the art upon reading this disclosure. 



Conjugates 

[0132] To form the most desired collagen-conjugates used in the inventive stent-grafts, collagen must be chemically 
bound to a synthetic hydrophilic polymer. This can be carried out in a variety of ways. In accordance with the preferred 
method the synthetic hydrophilic polymer is activated and then reacted with the collagen. Alternatively, the hydroxyl 
or amino groups present on the collagen can be activated and the activated groups will react with the polymer to form 
the conjugate. In accordance with a less preferred method, a linking group with activated hydroxyl or amino groups 
thereon can be combined with the polymer and collagen in a manner so as to concurrently react with both the polymer 
and collagen forming the conjugate. Other methods of forming the conjugates will become apparent to those skilled in 
the art upon reading this disclosure. Since the conjugates of the invention are to be used in the human body it is 
important that all of the components, including the polymer, collagen, and linking group, if used form a conjugate that 
is unlikely to be rejected by the body. Accordingly, toxic and/or immunoreactive components are not preferred as starting 
materials. Some preferred starting materials and methods of forming conjugates are described further below 
[0133] Although different hydrophilic synthetic polymers can be used in connection with forming the conjugate, such 
polymers must be biocompatible, relatively insoluble, but hydrophilic and is preferably one or more forms of polyeth- 
ylene glycol (PEG) due to its known biocompatibility. Various forms of PEG are extensively used in the modification 
of biologically active molecules because PEG can be formulated to have a wide range of solubilities and because it 
lacks toxicity, antigenicity, immunogenic^, and does not typically interfere with the enzymatic activities and/or confor- 
mations of peptides. Further. PEG is generally non-biodegradable and is easily excreted from most living organisms 
including humans. 
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r0134l The first step in forming the collagen-polymer conjugates generally involves the functionalization of the PEG 
S SeZousJctionaHzed 

(see Abuchowski et al., Enzymes as Drugs , John Wiley & Sons: New York, NY (1 981 PP- 367-383 and Dreborg et 
a | Crit RevTherap Drug Car rier Syst. (1990) 6:315, peptide chemistry (see Mutter et al., The_Peptidgs, Academic. 
Ne wYorkNY^ 

rirnns fsee ZaHoskv et al Eur Polym. J. (1 983) 1 9:11 77; and Ouchi et al., J. Macromol. Sci. -Chem. (1 987) A24.1 011 ). 
S^^C^^ii binding polyethylene glycol with specific pharmaceutical* active proteins 
£Z»XSS£Zi* found to have useful medical applications in part due to the stability of such conjugates with 
rpsoect to oroteolvtic diqestion reduced immunogenic^ and longer half-lives with.n living organisms. 
OiaS On ^ fori of pShylene glycol which has been found to be particularly useful is monomethoxypolyetny lene 
KLpeg f^^wbHcMd by the addition of a compound such as cyanuric chloride, then coupled to a 
^hSi2^fl^52 Chem. (1977) 252:3578. Although such methods of activating polyethylene 
g vSr^ inve-nion. they are not particularly desirable in that the cyanuric 

cSdeTs lively toxic and must be completely removed from any resulting product ,n order to provide a pharma- 

^SSSZIZZ^™ be made from reactants which can be purchased commercial,, One form of 
c 2ed PEG Sch ha S s°been found to be particularly useful in connection ^P"^^?^ 1 ^; 
cinate-N-hydroxysuccinimide ester (SS-PEG) (see Abuchowski et al., Cancer Biochem. Biphys^ (1984) 7.175). Act. 

ted IoITpIg such as SS-PEG react with the proteins under relatively mile .conditions ijnd PJ*J^S 
without destroying the specific biological activity and specificity of the protein attached to the ^ PEG However, when 
such activated PEGs are reacted with proteins, they react and form linkages by means of ester bonds. 
MhoSh ester Sages can be used in connection with the present invention; they are not particularly preferred .n that 
Z 2*£ Ssis when subjected to physio.ogica, conditions over extended periods o time see Dreborg et a.., 
Crit Rev Therap Drug C arrier Syst. (1990) 6:315; and Ulbrich et al., J. Makromol. Chem. (1986) 18Z-1 131). 
TO1371 H lb possible to link PEG to p roteins via urethane linkages, thereby providing a more stable attachment which 
s mo?e £2EZ££$5£ digestion than the ester linkages (see Zalipsky et a... Polymeric Drug and Drug Delivery 
SZTSS? 1<J "Succinimidyl Carbonates of Polyethylene Glycol" (1991) to disclose the chemistry invoked ,n 
2g varLs'forms of PEG to specific biologically active proteins). The ' stebi ^ 

onstrated under physiological conditions (see Veronese et al., Appl. B IO chem. B.otechnol. (1 985) 1J..1 41 . and Larwooa 
TTi " "S rLJunds Radiooharm. (1 984) 21=603). Another means of attaching the PEG to a pro e,n can be 
i^ t ^rbanL linkage (see Bea uchamp et a.., Anal. Biochem. (1983) 131:2ft 
0988) 71 1641). The carbamate linkage is created by the use of carbonyldiimidazole-activated PEG. Although such 
inkaaesliave advantages the reactions are relatively slow and may take 2 to 3 days to complete. 
0 aT SvSSX. of activating PEG described above and publications (all of '^^^g^^ 
bv reference) cited in connection with the activation means are described in connection with linking the PEG to specify 
Mo Sca!v act ve proteins and not collagen. However, the present invention now discloses that such activated PEG 
S^^bTSl^nKdon with the formation of co.lagen-PEG conjugates. Such conjugates i provide^ a 
Tge of imp oved characteristics and as such can be used to form the various compositions 
of the present invention, p^nn^nma Delivery Systems, Chapter ^^^^SSSSSe 
ethylene Glycol" (1 991 ). to disclose the chemistry involved in linking various forms of PEG to specific biologically act.ve 

?oS S As indicated above, the conjugates used in forming the grafts may be prepared by covalently binding a variety 
Klem tyTes ^synthet c hydrophSc polymers to collagen. However, because the final product or jugate ^ob- 
teined must have a number of required characteristics such as being extrudable from a nozzle, biocompatible and non- 
mm^ 

"ycol must be modified in order to provide activated groups on one or P^^^^^^SJ 
covalent binding can occur between the PEG and the collagen. Some specific *^^S^S^ *° m 
structurally below, as are the products obtained by reacting these functionahzed forms of PEG with mitogen. 
mum The first functionalized PEG is difunctionalized PEG succinimidyl glutarate, referred to herein as SG-PEG). 
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S-PEG: Afunctional PEG Succinimidyl filutarate 



N-0-OC-(CH 2 ) 3 -OC.O-PEG-0-CO-(CH 2 ) 3 -CO-0-N 



collagen-NH2 



collagen-NH2 



coHagen-HN-OC'(CH 2 )3-OC-0-PEG-0-CO-(CH 2 ) 3 -CO-NH-collager 



FORMULA 1 



[0141] Another difunctionally activated form'of PEG is referred to as PEG succinimidyl (S-PEG). The structural for- 
mula for this compound and the reaction product obtained by reacting it with collagen is shown in Formula 2. In a 
general structural formula for the compound of Formula 2, the subscript 3 is replaced with an "n." In the embodiment 
shown in Formula 1, n=3, In that there are three repeating CH 2 groups on each side of the PEG. The structure in 
Formula 2 results in a conjugate which includes an "ether" linkage which is not subject to hydrolysis. This is distinct 
from the first conjugate shown in Formula 1, wherein an ester linkage is provided. The ester linkage is subject to 
hydrolysis under physiological conditions. 



S-PEG. n=3: OifunctionaJ PEG Succinimidyl 

N-0-OC-{CH2)3^PEGO-{CH 2 )3-CO-<>N 



collagen-NH2 



collagen-NH2 



collagen.HNOC.(CH2)3-0-PEG-0-(CH 2 )3-CO-NHHCollagen 



FORMULA 2 
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[0142] Yet another derivatized form of polyethylene glycol, wherein n=2 is shown in Formula 3, as is the conjugate 
formed by reacting the derivatized PEG with collagen. 



S-PEG. n*2: Difunctional PEG Sjjcdnimidyl 



10 



15 



20 



25 



N-O-0C-(CH 2 )2-0-PE<3-0-< CH 2)2" c0 -°- N 



collagen-NH2 



collagen-NH2 



collagen-HN-OC-{CH 2 ) 2 -0-PEG-0-(CH 2 )2-CO-NH-coIlagen 



30 



FORMULA 3 



Another preferred embodiment of the invention similar to the compounds of Formula 2 and Formula 3, is prov.ded 
35 both an ether and a peptide linkage. These linkages are stable under physiological conditions. 



40 



45 



50 



55 
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S-PEG, n-1: OifunctionaJ PEG £uccinimidyl 



10 



15 



20 



25 



30 



N-0-0C-CH 2 -0-PEG-O-CH 2 -C0-0-i 

O 



collagen-NH 2 



col!agen-NH 2 



collagen.HN-OC-CH 2 -O.PEGO-CH 2 -CO-NH-collagen 



FORMULA 4 

when the tubes are used in a situation where it is desirable that they dissolve over t,me. 



SC-PEG, n»0: Oifunctlonal PEG £uccinimiciyl Carbonate 



35 



40 



45 



50 




N-O-OC-O-PEG-O-CO-O-N 



collagen-NH 2 



collagen-NH 2 



collagen-HN-OC-O-PEG-OCO-NH-collagen 



FORMULA 5 



55 



[0143] All of the derivatives depicted in Formulas 1-5 involve the inclusion of the the PEG 
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formed by the reaction of A-PEG with collagen. 

A-PEG: Difunctional PEG Propion Aldehyde 



10 



15 



20 



OHC-(CH 2 )2-0-PeG-0-(CH 2 )2-CHO 



collagen-NH 2 
Reduction 



collagenrNH2 
col!agen.HNCH2)3:0-PEG-0{eH 2 )3-NH<»llagen 



25 



30 



FORMULA 6 

[0145] Yet another functionalized form of polyethylene glycol is difunctional PEG glycidyl ether (E-PEG), which is 
shown in Formula 7, as 



E-PEG: Difunctional PEG Glycidyl £ther 



35 



40 



45 



o o 

CH2^ H - CH 2- 0 " PEG -°" CH 2- CH * CH 2 



co1lagen-NH 2 



collagen-NHj 



50 



collagen-HN-CHj-CH-CH.O-PEG-O-CHj-CH-CHj-NH-collagen 

OH FORMULA 1 OH 
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are generally used to form tubes to replace or augment a channel as may be done with a stent-graft. When the grafts 
are used as a temporary repair unit for a damaged channel, it may be desirable to include the weaker ester linkages 
so that the linkages are gradually broken by hydrolysis under physiological conditions, breaking apart the tube as it 
may be replaced by host tissue, or as it degrades, and releasing a component held therein, such as a growth factor. 

5 By varying the chemical structure of the linkage, the rate of sustained release can be varied. 

[0147] Suitable collagens include all types of pharmaceutical^ useful collagen, preferably types I, II and III. Collagens 
may be soluble (for example, commercially available vitrogen® 100 collagen-in-solution), and may or may not have 
the telopeptide regions. Preferably, the collagen will be reconstituted fibrillar atelopeptide collagen, for example Zy- 
derm® collagen implant (ZCI) or atelopeptide collagen in solution (CIS). Various forms of collagen are available com- 

10 mercially, or may be prepared by the processes described in, for example, U.S. Pat. Nos. 3,949,073; 4,488,911; 
4,424,208; 4,582,640; 4,642,117; 4,557,764; and 4,689,399. Fibrillar, atelopeptide, reconstituted collage is preferred 
in order to form tubes used for the repair or augmentation of channels. 

[0148] Compositions used in forming the invention comprise collagen chemically conjugated to a selected synthetic 
hydrophilic polymer or polymers. Collagen contains a number of available amino and hydroxy groups which may be 

15 used to bind the synthetic hydrophilic polymer. The polymer may be bound using a "linking group", as the native hydroxy 
or amino groups in collagen and in the polymer frequently require activation before they can be linked. For example, 
one may employ compounds such as dicarboxylic anhydrides (e.g., glutaric or succinic anhydride) to form a polymer 
derivative (e.g., succinate), which may then be activated by esterification with a convenient leaving group, for example, 
N-hydroxysuccinimide, N,N*-disuccinimidyl oxalate, N,N'-disuccinimidyl carbonate, and the like. See also Davis, U.S. 

20 [0149] Pat. No. 4,179,337 for additional linking groups. Presently preferred dicarboxylic anhydrides that are used to 
form polymer-glutarate compositions include glutaric anhydride, adipic anhydride, 1 ,8-naphthalene dicarboxylic anhy- 
dride, and 1,4,5,8-naphthalenetetracarboxylic dianhydride. The polymer thus activated is then allowed to react with 
the collagen, forming a collagen-polymer composition used to make the grafts. 

[0150] In one highly desirable embodiment having ester linkages, a pharmaceutical^ pure form of monomethylpol- 
25 yethylene glycol (mPEG) (mw 5,000) is reacted with glutaric anhydride (pure form) to create mPEG glutarate. The 
glutarate derivative is then reacted with N-hydroxy-succinimide to form a succinimidyl monomethylpolyethylene glycol 
glutarate. The succinimidyl ester (mPEG*, denoting the activated PEG intermediate) is then capable of reacting with 
free amino groups present on collagen (lysine residues) to form a collagen-PEG conjugate wherein one end of the 
PEG molecule is free or nonbound. Other polymers may be substituted for the monomethyl PEG, as described above. 
30 Similarly, the coupling reaction may be carried out using any known method for derivatizing proteins and synthetic 
polymers. The number of available lysines conjugated may vary from a single residue to 1 00% of the lysines, preferably 
1 0-50%, and more preferably 20-30%. The number of reactive lysine residues may be determined by standard methods, 
for example by reaction with TNBS. 

[0151] The resulting product is a smooth, pliable, rubbery mass having a shiny appearance. It may be wetted, but 
35 is not water-soluble. It may be formulated as a suspension at any convenient concentration, preferably about 30-65 
mg/mL, and may be extruded through a nozzle to form a tube. The consistency of the formulation may be adjusted by 
varying the amount of liquid used. 

Production of a Stent-Graft comprising collagen 

40 

[0152] One method of constructing a collagen-containing stent-graft is to first construct the stent and then to mold 
or cast the collagen tubular component about the stent. 

[0153] The stent structure and any fiber reinforcement may be molded into the wall of the collagen tube. A mold for 
such a structure desirably is a simple annular space between two cylinders having room in the annular space for 
45 placement of the stent and would have a longitudinal axis slightly longer than the length of the stent-graft to be produced. 
The stent and fiber tubing is centered in the annular space and then the remaining space filled with collagen. If sPEG 
cross-linked collagen is used as the matrix material, the sPEG and collagen are mixed and introduced into the mold 
and allowed to cure. After curing, the mold is separated and the inventive fiber reinforced collagen tube with a stent 
structure produced. 

so [0154] Another method of producing a composite stent-graft is to attach a porous polymeric tubing to the stent in the 
manner mentioned elsewhere herein, e.g. , by loop or attachment to the flexible linkage, and then to add the collagenous 
material to the pores in the tubing in the manner mentioned above. 

Stent-Graft 

55 

[0155] The tubular component, whether collagen-based or not, may also be reinforced using a network of small 
diameter fibers. The fibers may be random, braided, knitted, or woven. The fibers may be imbedded in the tubular 
component, may be placed in a separate layer coaxial with the tubular component, or may be used in a combination 
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mST Figure 26 shows an end view, cross-section of the configuration in which the stent (360) forms the outermost 
layer a « layer (362) coaxial to and inside the stent (360), and the tubular component (364) of. e.g.. collagen as 

'SSTS!^^^^ variation shown in Figure 27 in which the fibrous m^^ 

nto the tubular layer (366) and cast or injected around the stent. This fibrous matenal may extend far the length of the 

device or may be shorter. The fibers may be wound or placed in any reasonable or.entat.on within the device^ 

Me maSveK randomToriented short segments of fibers may also be imbedded in the wall of the tub.ng. The fiber may 

££2£S£S> blood-compatible materia, inc.uding polyesters such as DACRON O^^T^M 

colvamides such as NYLON (a registered trade mark), KEVLAR (a registered trade mark), polyglycol.c acids polylactic 

device is placed. Specifically, polypropylene and the iike wili not be dissolved ,n blood but polyg- 
Ivcolic acid will dissolve. Each are suitable but work in different ways. 

0158] n addition, one or more radio-opaque metallic fibers, such as gold, platinum. P^*?^^ 
platinum-indium, rhodium, tantalum, or al.oys or composites of these metals like may be incorporated into the mult- 
strand reinforcement network to allow fluoroscopic visualization of the device. 

S in me coSen-f iber composite tube, the fibers carry much of the hoop stress and other loadings imposed by 
hevesselThisrelieves the loading on the collagen and significantly increases the burst strength, and fatigue properfes 
of the lube in addZ this makes the tube more effective in hydraulica.ly isolating the vessel and as a resul prevente 
the fo matio or worsening of aneurysms. This would be particularly beneficial in thinned weakened ^ w*'^ 

St of the fiber reinforcement is the increase in resistance to radially inward load.ng ^^J^^SSZ 
focussed Finally, fiber reinforcement may also impart some longitudinal stiffness to the stent-graft. This allows the 
stent-graft to maintain its strength and prevent it from kinking or sagging into the lumen. 

[01 60] in some instances it is desirable to produce a stent-graft having a non-contmuous 8^^^"^; 
Figure 28 shows a situation in which a stent - graft (370) having a continuous graft layer has ^ < ^^ l "»^ 
over a side branch (372) thereby blocking perfusion to that branch (372). In some cases, a s.gnificant amount of tissue 
Z b oompSsed a a result. Bare stents of the same configuration as the stent in stent-graft 370) wou be 
Suate to allow flow of blood into that side branch (372). Figures 29, 30, and 31 depict combination stent-g afts 
2h have non-continuous graft members. In Figure 29 is found a stent-graft (374) having . two «"»" 
$6) with a bare stent section (378) in the center. The bare stent section ^^^^^2 
Lsh for side branches as seen in Figure 28. A further variation is seen in Figure 30. The combination stent-graft (380) 
Z?XT£™T£v L a single end graft (384). Figure 31 shows still another variation of the comtonaUon 
«S (3?6 in which two short stent sections (388) associated with a graft mat, .rial (995) separated by a senes 
of links (390) The central link section is sufficient to allow flow of blood (or other fluids) through that area 
% 61] Another variation in which the graft layer (392) is discontinuous over the stent (394) .s shown , .Figure 32Jn 
his ^instance the discontinuity is formed through the presence of discrete holes (396) through the graft layer. When 
! Ted in a Tood vessel, the stent-graft with ho.es will allow endothelial ce.ls on the outside of the vessel to grow onto 
the inside of the stent-graft. Conventiona. vascu.ar grafts only allow endothelial cells in the vessel to grow on the inner 
or flowing surface to grow from the ends of the graft. 

Deployment of the Stent-graft of the Invention 

[0162] When a stent-graft having torsion members is folded, crushed, or otherwise collapsed, mechanic .I energy is 
Sasatwist in thosetorsion members. In this loaded stale, the torsion members ^ a torque exerted^ them 
and conJequently have a tendency to untwist. Collectively, the torque exerted by the tors.on members as folded down 
o a educe'd diameter must be restrained from springing open. The stent typically has at least one »™"«^ 
old to take advantage of the invention. The stent-graft is folded along its longitudinal axis and re f ra ned ,ro ^P""9' n 9 
open The f stent-graft is then deployed by removing the restraining mechanism, thus allowing the tors.on members to 

devSs of this type are typically selected having an expanded diameter of up to about 10% greater than the d.ameter 
of the lumen to be the site of the stent deployment. , iHo „,i Pa tA tv>\ 

rai641 Figure 33A shows a sequence of folding the tubular device (400) of this mvention about a guidewire (402) 
E," oo e C shaped 5 configuration. Figure 33B shows a front quarter view of the resulting fo.ded stent orient-graft 
[0165] Figure 33C shows a sequence of folding the device (400) of this invention about a guidewire (402) into a 
oiled configuration. Figure 33D shows a front quarter view of the resulting folded stent or stem-graft 
[0166] Figure 33E shows a sequence of folding the device (400) of this invention about a gu.dewire (402) into a triple 
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lobed configuration. Figure 33F shows a front quarter view of the resulting folded stent or stent-graft. 
[0167] The stent-graft may be tracked through the vasculature (or other bodily lumen) to the intended deployment 
site and then unfolded against the vessel lumen. The graft tube component of the stent-graft is limp, flexible, and thus 
easy to fold. Folding of the stent structure in the manner discussed above allows it to return to a circular, open config- 

rOli'si Fiqures 34A-34C show one desired way to place the devices of the present invention and allow them to self- 
expand. Figure 34A shows a target site (406) having, e.g., a narrowed vessel lumen. A guidewire (408) having a guide 
tip (409) has been directed to the site using known techniques. The stent-graft (41 0) is mounted on tubing (41 1 2) inside 
outer sliding sheath (41 6) after having folded in the manner.discussed above. The outer sliding sheath (41 6) binds the 
compressed stent-graft (410) in place until released. 

[01 69] Figure 34B shows placement of the stent-graft (41 0) at the selected site (406) by sl.d.ng the stent-graft (41 0) 
over the guidewire (408) all together with the guidewire tubing (412) and the outer sliding sheath (414). The stent-graft 
(410) is deployed by holding the guidewire tubing (412) in a stationary position while withdrawing the outer sl.d.ng 
sheath (414). The stent-graft (410) can be seen in Figure 34B as partially deployed. 

[0170] Figure 34C shows the stent-graft (410) fully deployed after the guidewire tubing (412) and the outer sl.d.ng 
sheath (41 4) have been fully retracted. 

[01711 Fiqures 35A-C 36A-C, and 37A-C show an inventive variation of deploying a stent or stent-graft made ac- 
cording to tnis invention.' These methods involve the use of a control line or tether line (420) which maintains the stent 
or stent-graft in a folded configuration until release. 

[0172] Figure 35A is a front-quarter view of the stent (422) or stent-graft which has been folded as shown in the 
Figures discussed above. The stent (422) is folded about guidewire (424) so that, when deployed, the gu.dew.re 424) 
is within the stent (422). Central to the variation shown here is the tether wire (420) which is passed through loops 
(426) associated with the various helices as they wind about the stent (422). The loops (426) may be formed from the 
flexible link (1 24 in Figures 2 or 3) or may be simply an alternating weave through appropriate apexes o the undula tang 
helix e q (104 in Figure 3) or may be loops specifically installed for the purpose shown here. It should be clear that 
the tether wire (420) is so placed that when it is removed by sliding it axially along the stent (422) and out of the loops 
(426) that the stent (422) unfolds into a generally cylindrical shape within the body lumen. 

01731 Figure 35B shows an end-view of a folded stent (422) or stent-graft having a guidewire (424) w.th.n the inner 
surface of the stent (422) and with the tether wire (420) within the loops (426). The end view of the folded stent (422) 
shows it to be folded into a form which is generally C-shaped. When expanded by removal of the tether w.re (420) the 
stent (422) in Figure 35B assumes the form shown in end view in Figure 35C. There may be seen the guidewire (424) 
within the lumen of the stent (422) and the loops (426) which were formerly in a generally linear relationship having a 

tether wire passing through them. • 

[0174] Figure 36A shows a folded stent (428) (or stent-graft) in front quarter view which is similar .n conf.gurat.on to 
the stent (422) shown in Figure 35A except that the stent (428) is rolled somewhat tighter than the previously d.scussed 
stent The guidewire (424) is also inside the stent (428) rather than outside of it. Loops (426) from generally opposing 
sides of the stent (428) are folded into an approximate line so that the tether wire may pass through the aligned loops 
(426) Fiqure 36B shows an end view of the stent (428), and in particular, emphasizes the tighter fold of the stent (428). 
When expanded by removal of the tether wire (420), the stent (428) in Figure 36B assumes the form show" in Figure 
33C. In Figure 33C may be seen the guidewire (424) within the lumen of the stent (428) and the loops (426) which 
were formerly in a generally linear relationship having a tether wire passing through them. 
[01 75] Figures 37A-C show a schematic procedure for deploying the stent (430) (or stent-graft) using a percutaneous 
catheter assembly (432). 

r0176] In Figure 37A may be seen a percutaneous catheter assembly (432) which has been inserted to a selected 

site (434) within a body lumen. The stent (430) is folded about the guidewire and guidewire tube (436) held axially in 

place prior to deployment by distal barrier (438) and proximal barrier (440). The distal barrier (438) and proximal barrier 

(440) typically are affixed to the guidewire tube (436). The tether wire (420) is shown extending through loops (426) 

proximally through the catheter assembly's (432) outer jacket (442) through to outside the body. 

[0177] Figure 37B shows the removal of the tether wire (420) from a portion of the loops (426) to partially expand 

the stent (430) onto the selected site (434). , 

[0178] Figure 37C shows the final removal of the tether wire (420) from the loops (426) and the retraction of the 

catheter assembly (432) from the interior of the stent (430). The stent (430) is shown as fully expanded. 

(01791 Figure 38 shows a close-up of a stent fold line having the familiar herringbone pattern of the sack knot used 

to close the fold in the stent. This knot is the one used to hold, e.g., burlap sacks of feed grain closed prior to use and 

vet allow ease of opening when the sack is to be opened. In this variation, the slip line has a fixed end (520) and a 

release end (522). loops of the slip line pass through the eyelets (524) on the side of the stent fold associated with the 

fixed end (520) and are held in place by eyelets (526) on the side of the stent fold associated with the release end 

(522) The fixed end (520) is not typically tied to the stent so to allow removal of the slip line after deployment. The 
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eyelets (524 and 526) are desirable but optional. The eyelets (524 and 526) may be wire or polymeric thread or the 
like tied to the stent structure at the edge of the stent fold. If so desired, the loops may be dispensed with and the slip 
line woven directly into the stent structure. The self-expanding stent may be deployed by pulling axially on release end 
(522) as shown by the arrow in the drawing. 
5 [0180] Figures 39 and 40 show front quarter views of folded stents using the knot shown in Figure 38. Figure 39 
shows the use of a single stent fold similar in configuration to those described above. As was shown in Figure 38, the 
fixed end (520) portion of the slip line is associated with a row of eyelets (524) which are tied or otherwise fixed to the 
stent. The release end (522) is associated with the other row of eyelets (526). 

[0181] Figure 37 depicts the use of multiple stent folds each having a fixed end (520 & 530) and a release end (522 
10 & 532) on their respective slip lines. 

[01 82] The variations of the invention shown in Figures 38-40 may be introduced in to the body using the procedures 
outlined above with relation to Figures 34-37. 

[0183] Although we generally discuss the deployment of the stent or stent-graft using a catheter, often deployed 
percutaneously, it should be apparent that the procedure and the folded stent or stent-graft are not so limited. The 
15 folded stent or stent-graft may also be deployed through artificial or natural body openings with a sheath or endoscopic 
delivery device perhaps without a guidewire. Similarly, the stent or stent graft may be delivered manually during a 
surgical procedure. 

20 Claims 

1 . A device (400) comprising: 

a folded, self-expanding scent (999, 1 40, 1 78, 360, 378, 388, 394, 422, 428, 430), said stent having an unfolded 
25 tubular configuration and a deployable, folded configuration, said folded stent having at least one longitudinal 

fold edge, characterized by further comprising 

a releasing line (420, 520) employed along said at least one longitudinal fold edge to maintain said stent in 
said folded configuration. 

30 2. The device (400) of claim 1 , wherein said stent (999, 140, 178, 360, 378, 388, 394, 422, 428, 430) comprises a 
superelastic material. 

3. The device (400) of claim 1 , wherein said stent (999, 140, 178, 360, 378, 388, 394, 422, 428, 430) comprises a 
nickel-titanium alloy. 

35 

4. The device (400) of claim 3, wherein said nickel-titanium alloy is nitinol. 

5. The device (400) of claim 1 , wherein said stent (999, 140, 178, 360, 378, 388, 394, 422, 428, 430) comprises a 
sheet metal. 

40 

6. The device (400) of claim 1 , wherein said stent (999, 140, 178, 360, 378, 388, 394, 422, 428, 430) comprises a 
wire material. 

7. The device (400) of claim 1, wherein said stent (999, 140, 178, 360, 378, 388, 394, 422, 428, 430) is produced 
45 from tubing. 

8. The device (400) of any one of claims 1 to 7, further comprising at least one tubular graft member (1 34, 1 66, 376, 
995, 392) coupled to and generally coaxial with said stent (999, 140, 178, 360, 378, 388, 394, 422, 428, 430). 

so 9. The device (400) of any one of claims 1 to 7, wherein a single graft member (134, 166, 376, 995, 392) is present 
and is coaxially disposed within said stent (999, 140, 178, 360, 378, 388, 394, 422, 428, 430). 

10. The device (400) of claim 9, wherein the tubular graft member (134, 166, 376, 995, 392) comprises a polymer. 

55 11. The device (400) of claim 1 0, wherein the polymer comprises a f luoropolymer. 

12. The device (400) of claim 11 , wherein the f luoropolymer comprises expanded polytetrafluoroethylene. 



25 



EP 0 997 115 B1 

13. The device (400) of claim 9, wherein said graft member (134, 166, 376, 995, 392) comprises a nonthrombogenic 
material. 

1 4. The device (400) of any one of claims 9 to 1 3, further comprising reinforcing fibers within said tubular graft member 
5 (134, 166, 376, 995, 392). 

15. The device (400) of any one of claims 9 to 14, further comprising a radio-opaque marker within said tubular graft 
member (134, 166,'376 f 995, 392). 

w 16. The device (400) from any one of claims 1 to 15, wherein said stent (999, 140, 178, 360, 378, 388, 394, 422, 428, 
430) is formed from at least one undulating shaped member that circumferentially extends around a longitudinal 
axis and forms said tubular folded configuration. 

17. The device (400) of claim 16, wherein said at least one member contains multiple undulations. 

15 

18. The device (400) of any one of claims 1 to 17, wherein said stent (999, 140, 178, 360, 378, 388, 394, 422, 428, 
430) is formed from a plurality of undulating shaped members in the shape of a ring. 

19. The device (400) of claim 18, further including a tie member (124, 210, 164) interconnecting undulations of said 
20 undulating shaped members. 

20. The device (400) of any one of claims 1 to 19, wherein said stent (999, 140, 178, 360, 378, 388, 394, 422, 428, 
430) is releasably constrained in a spiral-shaped folded configuration. 

25 21 . The device (400) of any of claims 1 to 20, wherein said at least one longitudinal fold edge is approximately parallel 
to a longitudinal axis of said stent (999, 140, 178, 360, 378, 388, 394, 422, 428, 430). 

22. The device (400) of any one of claims 1 to 21 , wherein said releasing line (420, 520) is a tether line (420, 520). 

30 23. A method for preparing a self-expanding stent (999, 140, 178, 360, 378, 388, 394, 422, 428, 430) comprising: 

folding self-expanding stent along a longitudinal axis to form at least one fold edge; and 

introducing a removable line (420, 520) into said stent along said at least one fold edge to maintain the stent 

in a folded condition. 

35 

24. The method of claim 23, wherein the self-expanding stent (999, 140, 178, 360, 378, 388, 394, 422, 428, 430) 
includes eyelets (426, 524, 526) through which the removable line (420, 520) is introduced. 

25. The method of claim 23 or 24, wherein the removable line (420, 520) is woven into the stent using a sack knot so 
40 as to allow removal of the line (420, 520) by unweaving the sack knot through axial movement of the removable 

line (420, 520). 

26. The method of any of claims 23 to 25, wherein the stent (999, 140, 178, 360, 378, 388, 394, 422, 428, 430) is 
metallic. 

45 

27. The method of any one of claims 23 to 26, wherein the stent (999, 140, 178, 360, 378, 388, 394, 422, 428, 430) 
comprises a superelastic alloy. 

28. The method of any one of claims 23 to 27, wherein the stent (999, 140, 178, 360, 378, 388, 394, 422, 428, 430) 
so comprises a nickel-titanium alloy. 

29. The method of any one of claims 23 to 28, wherein the stent (999, 140, 178, 360, 378, 388, 394, 422, 428, 430) 
comprises a helically positioned undulating shaped member having multiple turns. 

55 30. The method of claim 29, wherein the stent (999, 1 40, 1 78, 360, 378, 388, 394, 422, 428, 430) additionally comprises 
at least one flexible link (124, 210, 164) passing through undulations of said undulating member to maintain the 
undulations in adjacent turns in alignment. 
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31. The method of any one of claims 23 to 30 wherein the stent (999, 140, 178, 360, 378, 388, 394, 422, 428, 430) 
comprises a plurality of ring assemblies extending circumferentially about a longitudinal axis, each ring assembly 
containing a plurality of undulations. 

5 32. The method of any one of claims 23 to 31 , further comprising a graft (134, 166, 376, 995, 392) attached to the 
stent (999, 140, 178, 360, 378, 388, 394, 422, 428, 430). 

33. The method of claim 32, wherein the graft (134, 166, 376, 995, 392) comprises a polymeric material. 

10 34. The method of claim 32, wherein the graft (1 34, 1 66, 376, 995, 392) comprises a fluoropolymer material. 

35. The method of claim 32, wherein the graft (134, 166, 376, 995, 392) comprises a collagen-based material. 

36. The method of any one of claims 32 to 35, wherein the graft (134, 166, 376, 995, 392) comprises reinforcing fibers 
15 within said tubular member. 

37. The method of any one of claims 32 to 36, wherein the graft (134, 166, 376, 995, 392) additionally comprises a 
radio-opaque marker within said tubular member. 

20 

Patentanspruche 

1 . Einrichtung (400), umfassend: 

25 einen gefalteten, selbst-expandierenden Stent (999, 140, 178, 360, 378, 388, 394, 422, 428, 430), wobei der 

Stent eine entfaltete rohrenformige Konfiguration und eine entfaltbare, gefaltete Konfiguration aufweist, wobei 
der gefaltete Stent wenigstens eine longitudinale Faltkante aufweist; ferner gekennzeichnet durch: 

eine Freigabeleine (420, 520), die entlang der wenigstens einen longitudinalen Faltkante verwendet wird, 
30 urn den Stent in der gefalteten Konfiguration zu halten. 

2. Einrichtung (400) nach Anspruch 1, wobei der Stent (999, 140, 178, 360, 378, 388, 394, 422, 428, 430) ein su- 
perelastisches Material umfasst. 

35 3. Einrichtung (400) nach Anspruch 1 , wobei der Stent (999, 1 40, 1 78, 360, 378, 388, 394, 422, 428, 430) eine Nickel- 
Titan- Leg ierung umfasst. 

4. Einrichtung (400) nach Anspruch 3, wobei die Nickel-Titan-Legierung Nitinol ist. 

40 5. Einrichtung (400) nach Anspruch 1 , wobei der Stent (999, 1 40, 1 78, 360, 378, 388, 394, 422, 428, 430) Metallbiech 
umfasst. 

6. Einrichtung (400) nach Anspruch 1 , wobei der Stent (999, 1 40, 1 78, 360, 378, 388, 394, 422, 428, 430) ein Draht- 
material umfasst. 

45 

7. Einrichtung (400) nach Anspruch 1 , wobei der Stent (999, 1 40, 1 78, 360, 378, 388, 394, 422, 428, 430) aus einer 
Rohrenverbindung hergesteilt ist. 

8. Einrichtung (400) nach irgendeinem der Anspruche 1 bis 7, ferner umfassend wenigstens ein rohrenformiges 
50 Transplantatelement (134, 166, 376, 995, 392), welches mit dem Stent (999, 140, 178, 360, 378, 388, 394, 422, 

428, 430) gekoppelt und allgemein koaxial dazu ist. 

9. Einrichtung (400) nach irgendeinem Anspruche 1 bis 7, wobei ein einzelnes Transplantatelement (134, 166, 376, 
995, 392) vorhanden ist und koaxial zu dem Stent (999, 1 40, 1 78, 360, 378, 388, 394, 422, 428, 430) angeordnet ist. 

55 

10. Einrichtung (400) nach Anspruch 9, wobei das rohrenformige Transplantatelement (134, 166, 376, 995, 392) ein 
Polymer umfasst. 



27 



EP 0 997 115 B1 

11. Einrichtung (400) nach Anspruch 10, wobei der Polymer ein Fluoropolymer umfasst. 

12. Einrichtung (400) nach Anspruch 11, wobei der Fluoropolymer ein expandiertes Polytetrafluoroethylen umfasst. 

5 13. Einrichtung (400) nach Anspruch 9, wobei das Transplantatelement (134, 166, 376, 995, 392) ein nicht-trombo- 
genisches Material umfasst. 

14. Einrichtung (400) nach irgendeinem der Anspruche 9 bis 13, ferner umfassend Verstarkungsfasern innerhalb des 
rohrenformigen Transplantatelements (134, 166, 376, 995, 392). 

w 

15. Einrichtung (400) nach irgendeinem der Anspruche 9 bis 14, ferner umfassend einen Funk-undurchlassigen Mar- 
kierer innerhalb des rohrenformigen Transplantatelements (134, 166, 376, 995, 392). 

16. Einrichtung (400) nach irgendeinem der Anspruche 1 bis 15, wobei der Stent (999, 140, 178, 360, 378, 388, 394, 
15 422, 428, 430) aus wenigstens einem wellenformig ausgebildeten Element gebildet ist, welches sich umfangsma- 

I3ig urn eine longitudinale Achse herum erstreckt und die rohrenformige gefaltete Konfiguration bildet. 

17. Einrichtung (400) nach Anspruch 16, wobei das wenigstens eine Element mehrere Wellen umfasst. 

20 18. Einrichtung (400) nach irgendeinem der Anspruche 1 bis 17, wobei der Stent (999, 140, 178, 360, 378, 388, 394, 
422, 428, 430) aus einer Vielzahl von wellenformig ausgebildeten Elementen in der Form eines Rings gebildet ist. 

19. Einrichtung (400) nach Anspruch 1 8, ferner umfassend ein Verbindungszugelement (1 24, 21 0, 1 64), welches Wel- 
len der wellenformig ausgebildeten Elemente untereinander verbindet. 

25 

20. Einrichtung (400) nach irgendeinem der Anspruche 1 bis 19, wobei der Stent (999, 140, 178, 360, 378, 388, 394, 
422, 428, 430) Idsbar in einer spiralformig gefalteten Konfiguration eingezwangt ist. 

21. Einrichtung (400) nach irgendeinem der Anspruche 1 bis 20, wobei die wenigstens eine longitudinale Faltkante 
30 ungefahr parallel zu einer longitudinalen Achse des Stents (999, 1 40, 1 78, 360, 378, 388, 394, 422, 428, 430) ist. 

22. Einrichtung (400) nach irgendeinem der Anspruche 1 bis 21 , wobei die Freigabeieine (420, 520) eine Haltseilleine 
(420, 520) ist. 

35 23. Verfahren zum Erstellen eines selbst-expandierenden Stents (999, 140, 178, 360, 378, 388, 394, 422, 428, 430), 
umfassend die folgenden Schritte: 

Falten eines selbst-expandierenden Stents entlang einer longitudinalen Achse, urn wenigstens eine Faltkante 
zu bilden; und 

40 

Einfuhren einer entfernbaren Leine (420, 520) in den Stent hinein entlang der wenigstens einen Faltkante, urn 
den Stent in einem gefalteten Zustand zu halten. 

24. Verfahren nach Anspruch 23, wobei der selbst-expandierende Stent (999, 1 40, 1 78, 360, 378, 388, 394, 422, 428, 
45 430) Augeneinheiten (426, 524, 526) einschlieGt, durch die die entfernbare Leine (420, 520) eingefuhrt wird. 

25. Verfahren nach Anspruch 23 Oder 24, wobei die entfernbare Leine (420, 520) in den Stent unter Verwendung eines 
Sackknotens gewebt ist, urn so eine Entfernung der Leine (420, 520) durch Aufknupfen des Sackknotens durch 
eine axiale Bewegung der entfernbaren Leine (420, 520) zu erlauben. 

50 

26. Verfahren nach irgendeinem der Anspruche 23 bis 25, wobei der Stent (999, 140, 178, 360, 378, 388, 394, 422, 
428, 430) metallisch ist. 

27. Verfahren nach irgendeinem der Anspruche 23 bis 26, wobei der Stent (999, 140, 178, 360, 378, 388, 394, 422, 
55 428, 430) eine superelastische Legierung umfasst. 

28. Verfahren nach irgendeinem der Anspruche 23 bis 27, wobei der Stent (999, 140, 178, 360, 378, 388, 394, 422, 
428, 430) eine Nickel-Titan-Legierung umfasst. 
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29. Verfahren nach irgendeinem der Anspruche 23 bis 28, wobei der Stent (999, 140, 178, 360, 378, 388, 394, 422, 
428, 430) ein spiralformig positioniertes weilenfdrmig ausgebiidetes Element mit mehreren Windungen umfasst 

30. Verfahren nach Anspruch 29, wobei der Stent (999, 140, 178, 360, 378, 388, 394, 422, 428, 430) zusatzlich we- 
nigstens eine flexible Verbindung (124, 210, 164) umfasst, die durch Wellen des wellenfdrmigen Elements geht, 
urn die Wellen in angrenzenden Windungen in einer Ausrichtung zu halten. 

31. Verfahren nach irgendeinem der Anspruche 23 bis 30, wobei der Stent (999, 140, 178, 360, 378, 388, 394, 422, 
428, 430) eine Vielzahl von Ring-Baugruppen umfasst, die sich umfangsmaBig urn eine longitudinale Achse herum 
erstrecken, wobei jede Ring-Baugruppe eine Vielzahl von Wellen enthalt. 

32. Verfahren nach irgendeinem der Anspruche 23 bis 31, ferner umfassend ein Transplantat (134, 166, 376, 995, 
392), das an dem Stent (999, 140, 178, 360, 378, 388, 394, 422, 428, 430) angebracht ist. 

33. Verfahren nach Anspruch 32, wobei das Transplantat (1 34, 1 66, 376, 995, 392) ein polymerisches Material umfasst. 

34. Verfahren nach Anspruch 32, wobei das Transplantat (134, 166, 376, 995, 392) ein Fluoropolymer-Material um- 
fasst. 

35. Verfahren nach Anspruch 32, wobei das Transplantat (134, 166, 376, 995, 392) ein Material auf Kollagenbasis 
umfasst. 

36. Verfahren nach irgendeinem der Anspruche 32 bis 35, wobei das Transplantat (134, 166, 376, 995, 392) Verstar- 
kungsfasern innerhalb des rohrenformigen Elements umfasst. 

37. Verfahren nach irgendeinem der Anspruche 32 bis 36, wobei das Transplantat (1 34, 1 66, 376, 995, 392) zusatzlich 
einen Funk-undurchlassigen Markierer innerhalb des rohrenformigen Elements umfasst. 



Revendications 

1 . Un dispositif (400) comprenant : 

un stent plie\ a. auto-expansion (999, 140, 178, 360, 378, 388, 394, 422, 428, 430), ce stent ayant une confi- 
guration deployed tubulaire et une configuration pltee pouvant etre d§ploy6e, ce stent plie ayant au moins une 
arete de pliage longitudinale; caracterise en ce qu'i! comprend en outre 

un fil de liberation (420, 520) employe* le long de Pau moins une arete de pliage longitudinale pour maintenir 
le stent dans la configuration pli6e. 

2. Le dispositif (400) de la revendication 1 , dans iequel le stent (999, 140, 178, 360, 378, 388, 394, 422, 428, 430) 
comprend un materiau superSlastique. 

3. Le dispositif (400) de la revendication 1 , dans Iequel le stent (999, 140, 178, 360, 378, 388, 394, 422, 428, 430) 
comprend un alliage de nickel-titane. 

4. Le dispositif (400) de la revendication 3, dans Iequel Talliage de nickel-titane est le Nitinol. 

5. Le dispositif (400) de la revendication 1, dans Iequel le stent (999, 140, 178, 360, 378, 388, 394, 422, 428, 430) 
comprend une feuille metallique. 

6. Le dispositif (400) de la revendication 1 , dans Iequel le stent (999, 140, 178, 360, 378, 388, 394, 422, 428, 430) 
comprend une matiere consistant en fil metallique. 

7. Le dispositif (400) de la revendication 1 , dans Iequel le stent (999, 140, 178, 360, 378, 388, 394, 422, 428, 430) 
est produit & partir d'un tube. 

8. Le dispositif (400) de I'une quelconque des revendications 1 a. 7, comprenant en outre au moins un element du 
greffon tubulaire (134, 166, 376, 995, 392) couple au stent (999, 140, 178, 360, 378, 388, 394, 422, 428, 430) et 
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de fagon gen6rale coaxial vis-a-vis de celui-ci. 

9. Le dispositif (400) de I'une quelconque des revendications 1 a 7, dans lequel un seul element du greffon (134, 
166, 376, 995, 392) est present et est dispose de fagon coaxiale a I'interieur du stent (999, 140, 178, 360, 378, 

5 388, 394, 422, 428, 430). 

10. Le dispositif (400) de la revendication 9, dans lequel i'element du greffon tubulaire (134, 166, 376, 995, 392) 
comprend un polymere. 

10 11. Le dispositif (400) de la revendication 10, dans lequel le polymere comprend un fluoropolymere. 

12. Le dispositif (400) de la revendication 11, dans lequel le fluoropolymere comprend du polytetrafluoro&hylene ex- 
panse. 

15 13. Le dispositif (400) de la revendication 9, dans lequel le greffon (134, 166, 376, 995, 392) comprend une substance 
non thrombogene. 

14. Le dispositif (400) de I'une quelconque des revendications 9 a 13, comprenant en outre des fibres de renfort a 
I'interieur de ['element du greffon tubulaire (134, 166, 376, 995, 392). 

20 

15. Le dispositif (400) de I'une quelconque des revendications 9 a 14, comprenant en outre un marqueur radio-opaque 
a i'interieur de Tenement du greffon tubulaire (134, 166, 376, 995, 392). 

16. Le dispositif (400) de Tune quelconque des revendications 1 a 15, dans lequel le stent (999, 140, 178, 360, 378, 
25 388, 394, 422, 428, 430) est forme a partir d'au moins un element de forme ondulee qui s'§tend de maniere 

circonferencielle autour d'un axe longitudinal et forme la configuration pli6e tubulaire. 

17. Le dispositif (400) de la revendication 16, dans lequel I'au moins un element contient de multiples ondulations. 

30 18. Le dispositif (400) de I'une quelconque des revendications 1 a 17, dans lequel le stent (999, 140, 178, 360, 378, 
388, 394, 422, 428, 430) est forme a partir d'une multiplicity d'etements de forme ondulee, ayant la forme d'un 
anneau. 

19. Le dispositif (400) de la revendication 18, incluant en outre une attache (124, 210, 164) reliant les unes aux autres 
35 des ondulations des elements de forme ondutee. 

20. Le dispositif (400) de I'une quelconque des revendications 1 a 19, dans lequel le stent (999, 140, 178, 360, 378, 
388, 394, 422, 428, 430) est maintenu de fagon liberable dans une configuration pltee en forme de spirale. 

40 21. Le dispositif (400) de I'une quelconque des revendications 1 a 20, dans lequel I'au moins une ardte de pliage 
longitudinale est approximativement parallele a un axe longitudinal du stent (999, 140, 178, 360, 378, 388, 394, 
422, 428, 430). 

22. Le dispositif (400) de I'une quelconque des revendications 1 a 21, dans lequel le fil de liberation (420, 520) est 
45 une longe (420, 520). 

23. Un procede pour preparer un stent a auto-expansion (999, 140, 178, 360, 378, 388, 394, 422, 428, 430) compre- 
nant: 

50 le pliage du stent a auto-expansion le long d'un axe longitudinal pour former au moins une arete de pliage; et 

I'introduction d'un fil amovible (420, 520) a I'interieur du stent, le long de I'au moins une arete de pliage, pour 
maintenir le stent dans une condition pliee. 

24. Le procede de la revendication 23, dans lequel le stent a auto-expansion (999, 140, 178, 360, 378, 388, 394, 422, 
55 428, 430) comprend des oeiliets (426, 524, 526) a travers lesquels le fil amovible (420, 520) est introduit. 

25. Procede selon la revendication 23 ou 24, dans lequel le fil amovible (420, 520) est tisse dans le stent en utilisant 
un noeud de sac de fagon a permettre ('enlevement du fil (420, 520) en detissant le noeud de sac par un mouvement 
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axial du fil amovible (420, 520). 

26. Le procede de Tune quelconque des revendlcations 23 k 25, dans lequel ie stent (999, 140, 178, 360, 378, 388, 
394, 422, 428, 430) est mdtallique. 

27. Le procede de I'une quelconque des revendlcations 23 k 26, dans lequel le stent (999, 140, 178, 360, 378, 388, 
394, 422, 428, 430) comprend un alliage super6lastique. 

28. Le procede de Tune quelconque des revendications 23 k 27, dans lequel le stent (999, 140, 178, 360, 378, 388, 
394, 422, 428, 430) comprend un alliage de nickel-titane. 

29. Le procedS de I'une quelconque des revendications 23 k 28, dans lequel le stent (999, 140, 178, 360, 378, 388, 
394, 422, 428, 430) comprend un <§!<§ment de forme ondutee, positionne en helice, ayant de multiples spires. 

30. Le procede de la revendication 29, dans lequel le stent (999, 1 40, 1 78, 360, 378, 388, 394, 422, 428, 430) comprend 
en outre au moins un lien flexible (124, 210, 164) passant k travers des ondulations de I'element ondule\ pour 
maintenir en alignement les ondulations dans des spires adjacentes. 

31. Le procedS de I'une quelconque des revendications 23 k 30, dans lequel le stent (999, 140, 178, 360, 378, 388, 
394, 422, 428, 430) comprend une multiplicity d'assemblages annulaires s'Stendant de fagon circonferencielle 
autour d'un axe longitudinal, chaque assemblage annulaire contenant une multiplicity d'ondulations. 

32. Le procede de I'une quelconque des revendications 23 k 31 , comprenant en outre un greffon (1 34, 1 66, 376, 995, 
392) fix6 au stent (999, 140, 178, 360, 378, 388, 394, 422, 428, 430). 

33. Le procede de la revendication 32, dans lequel le greffon (1 34, 1 66, 376, 995, 392) comprend un materiau de type 
polymere. 

34. Le procede de la revendication 32, dans lequel le greffon (1 34, 1 66, 376, 995, 392) comprend un materiau de type 
fluoropolymere. 

35. Le procede de la revendication 32, dans lequel le greffon (134, 166, 376, 995, 392) comprend un materiau k base 
de collagene. 

36. Le procedS de I'une quelconque des revendications 32 k 35, dans lequel le greffon (134, 166, 376, 995, 392) 
comprend des fibres de renfort k I'interieur de I'element tubulaire. 

37. Le proc6d£ de I'une quelconque des revendications 32 k 36, dans lequel le greffon (134, 166, 376, 995, 392) 
comprend en outre un marqueur radio-opaque k I'interieur de I'element tubulaire. 
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